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1. 

APPARATUS FOR INTEGRATED CIRCUIT 
PACKAGING 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application claims the priority benefit under 35 U.S.C. 
S119(e) of U.S. Provisional Patent Application No. 61/363, 
579, filed on Jul. 12, 2010, the disclosure of which is incor 
porated herein by reference. 

BACKGROUND 

1. Field 
Embodiments of the invention relate to electronic devices, 

and more particularly, to integrated circuit packaging. 
2. Description of the Related Technology 
The semiconductor industry has developed a variety of 

integrated circuits (ICs) that have different packaging 
requirements. Package attributes that are considered when 
choosing a package type for a particular semiconductor 
device include, but are not limited to: size, lead count, power 
and heat dissipation, field operating conditions, and cost. 

IC packages are often designed to be attached to a printed 
circuit board (PCB) or similar interface for larger devices, 
using solder joints between the IC package and contact pads 
on the Substrate. Such solder joints can experience various 
thermal and/or mechanical stresses during operation and/or 
handling. Such stresses may reduce the life of an IC inside the 
package, and ultimately, the life of an electronic device that 
includes the IC. Therefore, there is a need for providing IC 
package designs that can effectively resist such stresses. 

SUMMARY 

In one embodiment, a die package includes: an encapsula 
tion having a top Surface and a bottom Surface. The bottom 
Surface faces away from the top surface, and has a plurality of 
edges. The package further includes a die embedded in the 
encapsulation; and a leadframe including a plurality of leads. 
Each of the leads includes an exposed portion exposed 
through one of the edges of the bottom Surface of the encap 
Sulation. The exposed portion has a length. At least one of 
exposed portions positioned along one of the edges of the 
bottom surface of the encapsulation has a length different 
from lengths of other exposed portions along the edge. 

In another embodiment, an electronic device includes: a 
printed circuit board (PCB) comprising conductive lands 
formed thereon; and a chip package comprising: an encapsu 
lation having a top Surface and a bottom Surface, the bottom 
Surface facing away from the top Surface and having a plural 
ity of edges; a die embedded in the encapsulation; and a 
leadframe comprising a plurality of leads, each of the leads 
including an exposed portion exposed through one of the 
edges of the bottom surface of the encapsulation, the exposed 
portion having a length. At least one of exposed portions 
positioned along one of the edges of the bottom surface of the 
encapsulation has a length different from other exposed por 
tions along the edge. The device further includes solder joints 
contacting and interposed between the lands and the exposed 
portions of the leads. 

In yet another embodiment, a lead frame for a die package 
includes: a plurality of leads, each of which has a first end and 
a second end, wherein the first ends of the plurality of leads 
are aligned with one another. Each of the leads includes a first 
portion extending from the first end of the lead, and a second 
portion extending from part of the first portion to the second 
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2 
end of the lead, the first portion having a first thickness, the 
second portion having a second thickness thinner than the first 
thickness. At least one of the first portions of the leads has a 
length different from the lengths of the first portions of the 
other leads. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a cross-section of a conventional quad flat no lead 
(QFN) package with a paddle-down configuration. 

FIG. 2A is a cross-section of a conventional QFN package 
with a paddle-up configuration and a cold plate. 

FIG. 2B is a top plan view of the QFN package of FIG. 2A. 
FIG. 2C is a bottom plan view of the QFN package of FIG. 

2A. 
FIG. 2D is a cross-section of a portion of the QFN package 

of FIG. 2A attached to a printed circuit board, which illus 
trates a solder joint having cracks resulting from stresses. 
FIG.3A is a cross-section of a QFN package with a paddle 

up configuration according to one embodiment. 
FIG.3B is a bottom plan view of the QFN package of FIG. 

3A. 
FIG.3C is a top plan view of the QFN package of FIG.3A. 
FIG. 3D illustrates a partially fabricated lead frame struc 

ture and a die to form the QFN package of FIG. 3A. 
FIG. 4A is a bottom plan view of a QFN package with a 

paddle-up configuration having corner dummy pads accord 
ing to another embodiment. 

FIG. 4B is a cross-section of a portion of the QFN package 
of FIG. 4A, taken along the line 4B-4B. 

FIG. 5 is a bottom plan view of a QFN package with a 
paddle-down configuration having corner dummy pads 
according to another embodiment. 

FIG. 6 is a cross-section of a hidden paddle lead frame chip 
scale package (LFCSP) with a paddle-down configuration 
according to another embodiment. 

DETAILED DESCRIPTION OF EMBODIMENTS 

The following detailed description of certain embodiments 
presents various descriptions of specific embodiments of the 
invention. However, the invention can be embodied in a mul 
titude of different ways as defined and covered by the claims. 
In this description, reference is made to the drawings where 
like reference numerals indicate identical or functionally 
similar elements. 
Overview of Quad Flat No Leads Packages 
An integrated circuit (IC) package is designed to both 

protect an IC (also known as a “die” or “chip’) and to facili 
tate electrical connection to larger electronic devices. An IC 
package typically includes an encapsulant, a die embedded in 
the encapsulant, and a Substrate with leads, such as a lead 
frame at least partially embedded in the encapsulant. A lead 
frame can include a die paddle, to which the die is attached, 
and leads, which serve as the means for external electrical 
connection to external circuitry. The die is connected to the 
leads by wires through wirebonding or by tape automated 
bonds. 
A Quad Flat No Leads (QFN) package is a relatively small, 

typically rectangular Surface-mount plastic package. A QFN 
package typically includes a planar lead frame having leads 
that are typically flush with encapsulant at the bottom of the 
package. The leads can have no protrusions (saw-singulated) 
or very small protrusions (punched) from the sides of the 
package. Thus, a QFN package is often referred to as being 
“leadless' because the leads become contacts at the package 
Surface, rather than protrusions. 
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A QFN package thus includes contacts or exposed portions 
of leads (alternatively, referred to as “external leads') around 
the periphery of the bottom of the QFN package that serve as 
electrical connection points to an external device, for 
example, via a printed circuit board (PCB). Because the QFN 
has substantially no leads protruding from its sides, and has 
shorter bond wire lengths, it exhibits less inductance than 
packages with protruding leads, and therefore provides a 
higher electrical performance. A QFN package can also be 
referred to as a “micro leadframe package.” 
A QFN package can be formed by individually or collec 

tively encapsulating an array of chips on a leadframe, and 
then punching or sawing the encapsulated chips to be singu 
lated. An inverted QFN package can include an exposed ther 
mal paddle (or thermal pad), on the side of the package 
opposite the leads, to improve heat dissipation from the pack 
age. 

Referring to FIG. 1, one example of a conventional QFN 
package with a paddle-down configuration is shown. The 
illustrated QFN package 100 includes an encapsulation 110. 
a die 120, bond wires 125, an adhesive 130, a thermal paddle 
140a, and a lead frame 150. The term “thermal paddle' can 
also be referred to as a thermal pad, heat paddle, or heat pad. 
The package 100 is shown attached to a printed circuit board 
(PCB) 180 using solder joints 160, 162. 
The encapsulation 110 serves to encapsulate the die 120, 

the bond wires 125, and the adhesive 130 while exposing 
portions of the thermal paddle 140a and the lead frame 150. 
The encapsulation 110 can be formed of for example, mold 
compound, Such as epoxy. 
The die 120 (or an integrated circuit or chip) is often 

formed on a semiconductor (e.g., silicon) substrate. The die 
120 can include one or more integrated circuits (ICs) having 
any functionality. The IC(s) of the die 120 are electrically 
coupled to the lead frame 150, e.g., by the bond wires 125. 
The bond wires 125 can be formed of, for example, alumi 
num, copper, gold, or an alloy of one or more of the foregoing 
materials. The die 120 is physically attached to a top portion 
of the thermal paddle 140a, using the adhesive 130. The 
adhesive 130 can be a thermally conductive material that can 
effectively transfer heat from the die 120 to the thermal 
paddle 140a. 
The thermal paddle 140a supports the die 120 and can also 

serve to dissipate heat from the die 120 to outside the QFN 
package 100. The thermal paddle 140a can be formed of a 
material with a high thermal conductance, for example, a 
metal. In the illustrated QFN package 100 with a paddle 
down configuration, a bottom portion of the thermal paddle 
14.0a is exposed through the bottom of the package 100, 
although some packaging arrangements allow for a thin layer 
of encapsulant across the bottom of the paddle. When 
exposed, as shown, the bottom portion of the thermal paddle 
140a can be attached to the PCB 180, using the solder joint 
162. 
The lead frame 150 provides electrical connection between 

the circuitry of the die 120 and the PCB 180. The lead frame 
150 can include a plurality of separate leads, portions of 
which are exposed through the peripheries of the bottom of 
the package 100. The exposed portions of the leads are 
attached to contact pads of the PCB 180, using the solder 
joints 160. 

Referring to FIG. 2A, another example of a conventional 
QFN package with a paddle-up configuration will be 
described below. A QFN package with a paddle-up configu 
ration may also be referred to as an “inverted QFN package.” 
The illustrated QFN package 200 includes an encapsula 

tion 110, a die 120, bond wires 125, an adhesive 130, a 
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4 
thermal paddle 140b, and a lead frame 150. Details of the 
encapsulation 110, the die 120, the bond wires 125, the adhe 
sive 130, and the lead frame 150 can be as described above 
with respect to those of the package 100 of FIG. 1. 

In contrast to the thermal paddle 14.0a of FIG. 1, the ther 
mal paddle 140b of FIG. 2A is positioned above the die 120. 
A top surface of the thermal paddle 140b is exposed through 
the top surface of the package 200, and is configured to 
contact a heat sink or cold plate 190 for heat dissipation. A 
bottom portion of the thermal paddle 140b is attached to the 
die 120 using the adhesive 130. Other details of the thermal 
paddle 140b can be as described above in connection with the 
thermal paddle 14.0a of FIG. 1. 
A top plan view of the package 200 with the thermal paddle 

140b exposed through the top surface of the encapsulation 
110 is shown in FIG.2B. As shown in FIG. 2B, the corners of 
the illustrated package 200 are chamfered. However, in other 
embodiments, the package 200 may include no chamfered 
COCS. 

Referring now to FIG. 2C, the configuration of the leads of 
the package 200 will be described below. FIG. 2C is a bottom 
plan view of the package 200 with a paddle-down configura 
tion. Thus, the bottom of the package 200 has exposed por 
tions 152 of leads, but not a thermal paddle. The exposed 
portions 152 are aligned along the four edges of the bottom of 
the package 200, in the illustrated embodiment along all four 
sides. The exposed portions 152 extend substantially parallel 
to one another and Substantially perpendicular to the edge of 
the package 200 from which it extends. Each of the exposed 
portions 152 has a length L which is defined as a longitudinal 
dimension. The length L extends Substantially perpendicular 
to the edge of the package to which it is closest. 
As shown in FIG. 2C, all the exposed portions 152 along 

the four edges have substantially the same length as one 
another. This configuration has been adopted for a certain 
standard design for QFN, such as the Joint Electron Devices 
Engineering Council (JEDEC) standard. Under the JEDEC 
standard, all the leads of a QFN package have leads having 
exposed portions of the same length of about 0.4 mm to about 
0.5 mm. 

In the QFN packages shown in FIGS. 1 and 2A, the solder 
joints 160, 162 can experience mechanical and/or thermal 
stresses which can cause cracks in the joints 160, 162. Fur 
ther, the QFN package 200 with the paddle-up configuration 
of FIG. 2A is fixed to the PCB180, using only the solder joint 
160. In other words, the QFN package 200 does not have any 
other solder joint between the central portion of the bottom of 
the package 200 and the PCB 180. Thus, the solder joint 160 
of the QFN package 200 can experience even more mechani 
cal and/or thermal stresses than the solder joint 160 of the 
QFN package 100, which can share some stresses with the 
solder joint 162. FIG. 2D illustrates a portion of the inverted 
QFN package 200 that is fixed to a pad 182 of the PCB, using 
the solder joint 160 having cracks 165 resulting from such 
stresses. Such cracks may cause the IC to fail, which can be 
referred to as “fatigue failure.” 
As described above, mechanical and/or thermal stresses 

can reduce the Solder joint reliability of a package and ulti 
mately the life of the package. Yet, QFN packages, like any 
other IC packages, can avail of limited modifications to their 
original design because an electronic device (or its PCB or 
other interface substrate design) that includes the QFN pack 
ages may also need to be modified if the QFN package design 
is modified. Thus, there is a need for providing a solution for 
improving the solder joint reliability of QFN packages while 
minimally modifying the original design of the packages. 
QFN Package with Variable Length Leads 
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The inventor of the present invention recognized that the 
lengths of exposed portions of leads of a QFN package can 
have a Substantial impact on the Solder joint reliability among 
other design factors. The longer the exposed portion of a lead 
length is, the greater the area of the solder contact with the 
lead is, and thus the greater the solder joint reliability is. 
Particularly, the lengths of exposed portions of leads can be 
even more significant for a QFN package with a paddle-up 
configuration. However, for more efficient space utilization 
and compatibility issues, industry standards have avoided 
variation of lead length. 

In one embodiment, a QFN package includes leads having 
portions exposed through a bottom surface thereof. The 
exposed portions of the leads can have different lengths. The 
exposed portions can be extended to a maximum length, 
based on the location in the package, to the extent that the 
extended length does not interfere with internal wire bonding. 

In some embodiments, the exposed portions of the leads 
can be grouped into two or more groups such that all exposed 
portions in each group have the same length while those in a 
group have a different length from those in another group. In 
one embodiment, a first group in the middle along an edge of 
the bottom of the package can have the longest exposed 
portions while a second group along the edge near a corner of 
the bottom of the package can have the shortest exposed 
portions. A third group between the two groups can have 
exposed portions having an intermediate length, shorter than 
that of the first group and longer than that of the second group. 
This configuration can increase contact areas between solder 
joints and the exposed portions, thereby enhancing solder 
joint reliability. 

In another embodiment, the groups are symmetrically 
arranged on each edge of the bottom of the package to avoid 
imbalance stress. In Such an embodiment, a plurality of edges 
of the bottom Surface of the encapsulation can have the same 
pattern of exposed portions as one another. 

In yet another embodiment, a printed circuit board (PCB) 
to which the package is soldered can have conductive lands 
having lengths corresponding to or proportional to the lengths 
of the exposed portions. In yet another embodiment, the pack 
age can have dummy pads at the corners of the bottom 
thereof. 

In some embodiments, a lead frame can be provided for use 
in a QFN package. In certain embodiments, multiple lead 
frames can be provided as an array or network. Before encap 
Sulation, the lead frame can include an outer frame having a 
plurality of strips that define an inner space Surrounded by the 
strips. The lead frame can also include a plurality of leads 
extending from one of the strips inside the inner space, and tie 
bars extending from corners where two of the strips meet. 
After encapsulation, the strips can be removed, leaving the 
leads in the singulated package. A skilled artisan will appre 
ciate that Such a configuration is well-known in the art. In one 
embodiment, each of the leads can include a first portion 
extending from the strip, and a second portion extending from 
the first portion such that the first portion is interposed 
between the second portion and the strip. The first portion 
(which can form an exposed portion of a lead after encapsu 
lation, as will be described below in detail) has a first thick 
ness, and the second portion (which can form an internal 
portion of the lead after encapsulation, as will be described 
below in detail) has a second thickness thinner than the first 
thickness. At least one of the first portions of the leads posi 
tioned along the strip can have a length different from the 
lengths of the first portions of the other leads along the strip. 
A pattern formed by the lengths of the first portions can 
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6 
correspond to the pattern formed by the exposed portions of 
the QFN package described above. 
The configurations in the above embodiments can enhance 

solder joint reliability with minimal modifications to the 
package design and manufacturing techniques. Further, the 
configurations do not require a significant design change to a 
PCB to which the package is attached. 

Referring to FIGS. 3A-3D, one embodiment of a QFN 
package with variable length leads will be described below. 
The illustrate QFN package 300 has a paddle-up configura 
tion, and includes an encapsulation 110, a die 120, bond wires 
125, an adhesive 130, athermal paddle 140b, and a lead frame 
350. Details of the encapsulation 110, the die 120, the bond 
wires 125, the adhesive 130, and the thermal paddle 140b can 
beas described above with respect to those of the package 200 
of FIG. 2A. 
The lead frame 350 includes a plurality of separate leads, 

each of which includes an exposed portion 352 (which are 
exposed through the peripheries of the bottom of the package 
300) and an internal portion 354 (which are embedded in the 
encapsulation 110). AS is known in the art, the internal portion 
can be formed, e.g., by half-etching a masked lead frame, and 
the resulting overhang aids lead retention within the package 
encapsulation 110 despite exposure of the lead bottoms and 
side edges. Other reentrant profiles for forming internal leads 
can also be employed, as long as Some portion of the lead can 
be embedded within the encapsulant while other portion(s) 
are exposed at the bottom. In the context of this document, the 
exposed portion 352 can also be referred to as an “external 
lead.” Further, the internal portion 354 can also be referred to 
as an "internal lead.” 
The exposed portion 352 of each of the leads is thicker than 

the internal portion 354, as shown in FIG. 3A. The internal 
portion 354 can have a thickness of about a half of the thick 
ness of the exposed portion by being etched during manufac 
turing. The exposed portions 352 of the leads are attached to 
solder to be fixed to a PCB (not shown) or other electrical 
interface for larger electronic devices. The exposed portion 
352 of each of the leads has a length L (FIG. 3A) which is 
defined as a longitudinal dimension between one end 356a at 
the outer side of the package 300 and the other end 356b at the 
inner side of the package 300, bordering on the reentrant 
profile that forms the internal leads 354. 

FIG. 3B is a bottom plan view of the package 300. As 
shown in FIG. 3B, the exposed portions 352 of the leads are 
grouped to have different lengths L1, L2, L3. In the illustrated 
embodiment, there are three groups 352a, 352b, 352c of the 
exposed portions of the leads. The exposed portions of leads 
in a first group 352a are positioned in the middle along an 
edge of the bottom of the package 300, and have a first length 
L1. The first length L1 can be, for example, between about 0.6 
mm and about 1.2 mm, for example, about 0.825 mm. 
The exposed portions of leads in a second group 352b are 

grouped into two second sub-groups 352b1,352b2 that inter 
pose the first group 352a therebetween along the edge. The 
exposed portions of the leads in the second group 352b can 
have a second length L2 that is shorter than the first length L1. 
The second length L2 can be, for example, between about 0.5 
mm and about 1.0 mm, for example, about 0.6 mm. 
The exposed portions of leads in a third group 352c are 

grouped into two third sub-groups 352c1, 352c2 at the outer 
sides along the edge Such that each of the second Sub-groups 
352b1,352b2 is interposed between the first group 352a and 
a respective one of the third sub-groups 352c1, 352c2. The 
exposed portions of the leads in the third group 352c can have 
a third length L3 that is shorter than the second length L2. The 
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third length L3 can be, for example, between about 0.4 mm 
and about 0.5 mm, for example, about 0.5 mm. 

In the illustrated embodiment, the first group 352a, the 
second group 352b, and the third group 352c have 9 leads, 4 
leads, and 8 leads, respectively. However, a skilled artisan 
will appreciate that the number of leads in each of the groups 
352a-352c and the total number of leads can vary widely, 
depending on the application. Other details of the lead frame 
350 can be as described above with respect to the lead frame 
150 of FIG. 2C. 

In the embodiment shown in FIG.3B, the exposed portions 
of the leads on each of the four edges are grouped to have 
different lengths. In other embodiments, one or more, but less 
than all, of the four edges are provided with Such groups of 
leads having different lengths, while at least one of the four 
edges is provided with leads having exposed portions of the 
same lengths. 

In another embodiment, all the exposed portions of leads 
352 at the bottom of the package 300 have different lengths 
from one another without forming Such groups described 
above. In Such an embodiment, an exposed portion closer to a 
corner of the bottom (where two edges meet) can be shorter 
than another exposed portion closer to the middle of an edge 
of the bottom. Longer leads can alternate with shorter leads 
near the middle of the edge, or the leads can continually 
increase toward a peak at the middle. 

In certain embodiments, the PCB, onto which the package 
300 is attached, can have lands for physical and electrical 
connection between the PCB and the package 300. Such lands 
can have different lengths corresponding to the different 
lengths of the leads of the package 300 so as to further 
enhance contact area and solder joint reliability. 

FIG. 3C is a top plane view of the QFN package 300. 
Similar to FIG. 2B, the QFN package 300 has a thermal 
paddle 140b exposed through the top surface of the package 
300. The QFN package 300 can also include tie bars 365 
(denoted with dotted lines) below the top surface inside the 
encapsulation 110. The tie bars 365 are part of a lead frame, 
and are integrally formed with leads for easy handling. The 
die 120 (FIG.3A) (or the paddle 140b in some embodiments) 
is attached to the tie bars 365 to be maintained in place with 
respect to the lead frame 350, and is molded within the encap 
Sulation material 110 during manufacturing. 

FIG. 3D is a bottom plan view of a partially fabricated QFN 
package 300 without the encapsulation 110 and still with 
connections to strips for the sake of explanation. After a 
singulation step during manufacturing, portions outside the 
dotted line 370 are removed, leaving only portions inside the 
dotted line 370 in the package 300. 

FIG. 3D shows the die 120, the wire bonds 125, the internal 
portions 354 and exposed portions 352 of the leads, and the tie 
bars 365. The wire bonds 125 are arranged to connect the 
internal portions 354 of the leads to contact pads 127 of the 
die 120. Unlike the exposed portions 352 of the leads, at least 
one of the internal portions 354 of the leads is oriented toward 
a respective one of the contact pads 127 to which it is con 
nected. Thus, the internal portions 354 of the leads do not 
necessarily extend parallel to one another, as shown in FIG. 
3D. Further, the internal portions 354 of the leads may have 
different lengths, depending on the position. 

In the illustrated embodiment, a plurality of leads is shown 
such that each of the leads has a first end 353a and a second 
end 353b. The first ends 353a of the plurality of leads are 
aligned with one another along an imaginary line. Each of the 
leads includes a first portion 352 (which forms an exposed 
portion after encapsulation) extending from the first end 353a 
of the lead, and a second portion 354 (which forms an internal 
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8 
portion 352 after encapsulation) extending from part of the 
first portion 352 to the second end 353b of the lead. The first 
portion 352 has a first thickness, and the second portion 354 
has a second thickness thinner than the first thickness. The 
first portions 352 of the leads have variable lengths. 
As shown in FIG. 3D, there is a limited space for the leads 

352,354 at or near the corners of the package 300 due in part 
to the existence of the tie bars 365 and the proximity of leads 
from the neighboring edge. While the longer the exposed 
portions 352 is, the better the solder joint reliability of the 
package 300 is, the third group 352c of leads can only have a 
length that can be accommodated by the limited space near 
the corners. The leads 352,354 should not interfere with wire 
bonding. Thus, the third length L3 can be a maximum length 
that can be allowed by the space at or near the corners, and can 
be shorter than the first and second lengths L1, L2. A skilled 
artisan will appreciate that the first to third lengths L1-L3 can 
vary widely, depending on the dimensions and internal con 
figuration of the package. 
As described above, the lengths of the exposed portions 

352 of the leads determine the contact area of solder joints. 
While the lengths L3 of the exposed portions near the corners 
are limited, the lengths L1, L2 of the other exposed portions 
can be made longer (to their maximum allowed lengths) than 
those at or near the corners to enhance solder joint reliability. 
Further, this configuration enhances solder joint reliability 
between the leads and PCB pads without necessarily chang 
ing other design factors (including the design of a PCB to 
which the package is attached), which allows easy adoption. 
Thus, despite the paddle-up design in which the paddle can 
not contribute to bonding surface for mounting the package, 
good adhesion can be obtained. 

Referring to FIGS. 4A and 4B, another embodiment of a 
QFN package with a paddle-up configuration will be 
described below. FIG. 4A is a bottom plan view of the QFN 
package 400. In the illustrated embodiment, the exposed por 
tions 452 of leads are grouped to have different lengths, as 
described above in connection with FIG. 3B. Thus, details of 
the exposed portions 452 can be as described above with 
respect to FIG. 3B. 

In addition to the exposed portions 452 of different lengths, 
the package 400 further includes tie bars 465 (FIG. 4B), 
portions of which are exposed through the bottom of the 
package 400. Such exposed portions 465a of the tie bars 465 
are positioned at the corners of the bottom of the package 400. 
The exposed portions 465a of the tie bars 465 can also be 
referred to as “dummy pads” in the context of this document. 
As shown in FIG. 4B, the tie bars 465 can also be connected 
through the encapsulation 110 to the thermal paddle 140b 
exposed through the top surface of the package 400. 
When the package 400 is fixed to a PCB or other electrical 

interface, solder joints can be provided between the exposed 
portions 452 of the leads and the PCB, and further between 
the dummy pads 465a of the tie bars 465 and the PCB. Thus, 
the Solder joints contacting the leads 452 can share stresses 
with those contacting the tie bars 465, and thus solder joint 
reliability can be further improved in combination with the 
different lead lengths. 

Referring to FIG. 5, yet another embodiment of a QFN 
package with a paddle-down configuration will be described 
below. FIG. 5 is a bottom plan view of the QFN package 500. 
In the illustrated embodiment, the bottom of the QFN pack 
age 500 includes an exposed portion of a thermal paddle 
140a, exposed lead portions 552 with different lengths, and 
dummy pads 565a of tie bars. Details of the QFN package 500 
can be as described above in connection with FIGS. 4A and 
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4B except that the QFN package 500 has a paddle-down 
configuration as in the package 100 of FIG. 1. 

In another embodiment, a QFN package having a paddle 
down configuration can have leads having exposed portions 
of different lengths, as described above in connection with 
FIGS. 3A-3D without exposed tie bars. 

Referring to FIG. 6, a recessed or hidden paddle lead frame 
chip Scale package (LFCSP) with a paddle-down configura 
tion according to another embodiment will be described 
below. The illustrated package 600 includes an encapsulation 
610, a die 620, bond wires 625, an adhesive 630, a thermal 
paddle 640, and a lead frame 650. The package 600 is shown 
attached to a printed circuit board (PCB) 180 using solder 
joints 160, 162. Unlike the packages 300, 400, 500, shown in 
FIGS. 3A-5, the thermal paddle 640 of the package 600 is 
embedded within the encapsulation with no exposure to out 
side the package 600. 

In one embodiment, the bottom of the package 600 can be 
substantially the same as that of the package 300 of FIG.3B. 
In other words, the bottom of the package 600 includes 
exposed lead portions with different lengths. In another 
embodiment, the bottom of the package 600 can be substan 
tially the same as that of the package 400 of FIG. 4A, and thus 
has dummy pads of tie bars. Other details of the package 600 
can be as described above with respect to the QFN package 
100 with a paddle-down configuration of FIG. 1. 
The configurations described in the above embodiments 

can provide improved solder joint reliability by increasing 
Surface contact area for solder joints for a given package and 
lead frame configuration. In addition to countering thermo 
mechanical stresses, the configurations can also improve 
board level mechanical robustness in the solder joints, such as 
resistance to drop, shock, vibration, pressure, and/or torque, 
by reducing mechanical stress in the Solderjoints. Further, the 
configurations of the embodiments can be formed without 
Substantial modifications to the conventional lead frame tech 
nology for QFN packages. 

EXAMPLES 

A package having the configuration of the package 400 of 
FIGS. 4A and 4B (hereinafter, “Example 1) and a conven 
tional JEDEC design package (hereinafter, “Comparative 
Example') were actually tested for solder joint reliability. 
Each of the Example 1 and the Comparative Example was an 
84-lead inverted QFN package having a size of 10 mmx10 
mmx0.85 mm. The package of Example 1 was found to have 
an improved solder joint reliability at least 2 times greater 
than that of the Comparative Example. In the test, the package 
of the Comparative Example had an expected life of less than 
10 years whereas the package of the Example 1 had an 
expected life of at least 25 years. 

Simulated Examples 

A first package having the configuration of the package 300 
of FIGS. 3A-3D (hereinafter, “Example A”), a second pack 
age having the configuration of the package 400 of FIGS. 4A 
and 4B (hereinafter, “Example B), and a conventional 
JEDEC design package (hereinafter, “Comparative Example 
C) were modelled by simulation. The Examples A and Bhad 
exposed lead portions of different lengths, where the first 
length L1 was 0.825 mm, the second length L2 was 0.6 mm. 
and the third length L3 was 0.5 mm. The Comparative 
Example Chad leads of the same exposed lead portion length 
of 0.5 mm. 
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10 
The Examples A and B, and the Comparative Example C 

were subjected to a simulated accelerated environment at a 
temperature between about -40°C. and about 125°C. with 90 
minutes per cycle and 30 minutes dwell time, and 15 minutes 
ramp time. A PCB used in the test had a thickness of about 3.6 
mm. The Comparative Example C had its first failure after 
260 cycles from the simulation. The Example A had its first 
failure after 361 cycles from the simulation. The Example B 
had its first failure after 407 cycles from the simulation. 

Applications 

The embodiments described above can be adapted for vari 
ous types of integrated circuit packages, including, but not 
limited to: a Leadless Chip Carrier (LCC), and sawn and 
punched types of QFNs. 

Further, the configurations and principles of the embodi 
ments can be adapted for other applications, including, but 
not limited to, microelectromechanical systems (MEMS) 
device packaging. In an embodiment in which a MEMS pack 
age includes leads of different lengths, the lengths of the leads 
can be tuned to shift the resonant frequency of the package to 
be different from the operational frequency of MEMS ele 
ments inside the package. Such a configuration can enhance 
the solder joint reliability of the package. 

Packages employing the above described configurations 
can be used for various electronic devices. Examples of the 
electronic devices can include, but are not limited to, con 
Sumer electronic products, parts of the consumer electronic 
products, electronic test equipments, etc. The consumer elec 
tronic products can include, but are not limited to, a mobile 
phone, cellular base stations, a telephone, a television, a com 
puter monitor, a computer, a hand-held computer, a netbook, 
a tablet computer, a digital book, a personal digital assistant 
(PDA), a stereo system, a cassette recorder or player, a DVD 
player, a CD player, a VCR, a DVR, an MP3 player, a radio, 
a camcorder, a camera, a digital camera, a portable memory 
chip, a copier, a facsimile machine, a scanner, a multi func 
tional peripheral device, a wrist watch, a clock, etc. Further, 
the electronic device can include unfinished products. 
The foregoing description and claims may refer to ele 

ments or features as being “connected' or “coupled together. 
As used herein, unless expressly stated otherwise, “con 
nected' means that one element/feature is directly or indi 
rectly connected to another element/feature, and not neces 
sarily mechanically. Likewise, unless expressly stated 
otherwise, “coupled” means that one element/feature is 
directly or indirectly coupled to another element/feature, and 
not necessarily mechanically. Thus, although the various 
schematics shown in the figures. depict example arrange 
ments of elements and components, additional intervening 
elements, devices, features, or components may be present in 
an actual embodiment (assuming that the functionality of the 
depicted circuits is not adversely affected). 

Although this invention has been described in terms of 
certain embodiments, other embodiments that are apparent to 
those of ordinary skill in the art, including embodiments that 
do not provide all of the features and advantages set forth 
herein, are also within the scope of this invention. Moreover, 
the various embodiments described above can be combined to 
provide further embodiments. In addition, certain features 
shown in the context of one embodiment can be incorporated 
into other embodiments as well. Accordingly, the scope of the 
present invention is defined only by reference to the appended 
claims. 
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What is claimed is: 
1. A die package comprising: 
an encapsulation having a top surface and a bottom surface, 

the bottom Surface facing away from the top surface, and 
having a plurality of edges; 

a die embedded in the encapsulation; and 
a leadframe comprising a plurality of leads, each of the 

leads including an internal portion embedded in the 
encapsulation, such that the encapsulation covers a top 
Surface and a bottom Surface of the internal portion, and 
an exposed portion exposed through one of the edges of 
the bottom surface of the encapsulation, the internal 
portion directly electrically coupled to the die and the 
exposed portion having a length, 

wherein at least one of exposed portions positioned along 
one of the edges of the bottom Surface of the encapsu 
lation has a length different from lengths of other 
exposed portions along the edge. 

2. The package of claim 1, wherein the bottom of the 
exposed portion is flush with the bottom surface of the encap 
Sulation. 

3. The package of claim 1, wherein the length extends 
Substantially perpendicular to the edge. 

4. The package of claim 1, wherein the exposed portions of 
the leads positioned along the edge are grouped into a plural 
ity of groups such that exposed portions in the same group 
have the same length as one another, and Such that an exposed 
portion in agroup has a different length from another exposed 
portion in a different group. 

5. The package of claim 4, wherein the plurality of groups 
comprises a first group along the edge, the exposed portions 
in the first group having a first length, 

wherein the plurality of groups further comprises a second 
group adjacent to the first group along the edge, the 
exposed portions in the second group having a second 
length shorter than the first length, and 

wherein the plurality of groups further comprises a third 
group adjacent to the second group along the edge Such 
that the second group is interposed between the third 
group and the first group, the exposed portions in the 
third group having a third length shorter than the second 
length. 

6. The package of claim 5, wherein the third group is 
immediately adjacent to a corner of the bottom of the encap 
Sulation, and wherein the first group is at about the middle 
portion of the edge. 

7. The package of claim 6, wherein each of the second and 
third groups is split into Sub-groups to interpose the first 
group therebetween Such that the exposed portions form a 
symmetrical pattern along the edge. 

8. The package of claim 1, wherein at least one of exposed 
portions positioned along another of the edges of the bottom 
Surface of the encapsulation has a length different from 
lengths of other exposed portions positioned along the other 
edge. 

9. The package of claim 8, wherein a plurality of edges of 
the bottom surface of the encapsulation have the same pattern 
of exposed portions as one another. 

10. The package of claim 1, further comprising a dummy 
pad exposed through a corner of the bottom Surface. 

11. The package of claim 1, further comprising a thermal 
paddle attached to the die and exposed through the top Sur 
face. 

12. The package of claim 1, further comprising a thermal 
paddle attached to the die and exposed through the bottom 
Surface. 
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12 
13. The package of claim 1, further comprising a thermal 

paddle attached to the die and embedded in the encapsulation. 
14. The package of claim 1, wherein the die package com 

prises a quad flat no lead (QFN) package. 
15. The package of claim 1, wherein the die comprises an 

integrated circuit or a microelectromechanical systems 
(MEMS) device within the encapsulation. 

16. The package of claim 1, wherein the internal portion 
has a thickness thinner than the thickness of the exposed 
portion. 

17. The die package of claim 1, wherein the internal portion 
of each lead has a length, and wherein at least one of the 
internal portions of the leads has a length different from the 
lengths of the internal portions of the other leads. 

18. The die package of claim 1, wherein the die includes a 
plurality of contact pads, and wherein the internal portion of 
each lead is oriented toward a respective contact pad of the 
die. 

19. The die package of claim 18, wherein the internal 
portion of each of the leads is wire bonded to the respective 
contact pad of the die. 

20. The die package of claim 1, further comprising a die 
paddle having a top Surface and a bottom surface opposite the 
top surface, wherein the die is mounted on the bottom surface 
of the die paddle, and wherein the top surface of the die paddle 
is exposed through the top Surface of the encapsulation. 

21. The die package of claim 1, further comprising a die 
paddle having a top Surface and a bottom surface opposite the 
top surface, wherein the die is mounted on the top surface of 
the die paddle, and wherein the bottom surface of the die 
paddle is exposed through the bottom surface of the encap 
Sulation. 

22. An electronic device comprising: 
a printed circuit board (PCB) comprising conductive lands 

formed thereon; 
a chip package comprising: 

an encapsulation having a top surface and a bottom 
Surface, the bottom surface facing away from the top 
Surface and having a plurality of edges; 

a die embedded in the encapsulation; and 
a leadframe comprising a plurality of leads, each of the 

leads including an internal portion embedded in the 
encapsulation, Such that the encapsulation covers a 
top surface and a bottom Surface of the internal por 
tion, and an exposed portion exposed through one of 
the edges of the bottom surface of the encapsulation, 
the internal portion directly electrically coupled to the 
die and the exposed portion having a length, 

wherein at least one of exposed portions positioned 
along one of the edges of the bottom surface of the 
encapsulation has a length different from other 
exposed portions along the edge; and 

solder joints contacting and interposed between the lands 
and the exposed portions of the leads. 

23. The device of claim 22, wherein the bottom of the 
exposed portion is flush with the bottom surface of the encap 
Sulation. 

24. The device of claim 22, wherein the length extends 
Substantially perpendicular to the edge. 

25. The device of claim 22, wherein each of a plurality of 
the lands has a length corresponding or proportional to the 
length of a respective one of the exposed portions that faces 
the at least one land. 

26. The device of claim 22, wherein the exposed portions 
positioned along the edge are grouped into a plurality of 
groups such that exposed portions in the same group have the 
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same length as one another, and Such that exposed portions in 
different groups have different lengths from one another. 

27. The device of claim 22, further comprising a dummy 
pad exposed through a corner of the bottom Surface. 

28. The device of claim 22, further comprising a thermal 
pad exposed through the top Surface. 

29. The device of claim 22, further comprising a thermal 
pad attached to the die and embedded in the encapsulation. 

30. The device of claim 22, wherein the chip package 
comprises a quad flat no lead (QFN) package. 

31. A lead frame for a die package, comprising: 
a paddle; 
a plurality of leads positioned around the paddle, each of 
which has a first end and a second end, wherein the first 
ends of the plurality of leads are aligned with one 
another, 

wherein each of the leads includes a first portion extending 
from the first end of the lead, the first portion having a 
top Surface and a bottom Surface opposite the top Sur 
face, the bottom Surface configured to couple to an elec 
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trical interface of an electronic device, and a second 
portion extending from part of the first portion toward 
the paddle to the second end of the lead, the first portion 
having a first thickness, the second portion having a 
second thickness thinner than the first thickness, 
wherein the second portion is recessed from the bottom 
surface of the first portion, and 

wherein at least one of the first portions of the leads has a 
length different from the lengths of the first portions of 
the other leads. 

32. The lead frame of claim 31, wherein the second portion 
of each of a subset of the plurality of leads is angled inwardly 
towards the paddle. 

33. The lead frame of claim 31, wherein the second portion 
of each of the plurality of leads has a length, and wherein at 
least one of the second portions of the leads has a length 
different from the lengths of the second portions of the other 
leads. 


